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(57) Abstract 

A method and plant for the treatment of an organic waste material in liquid form, e.g. liquid manure from livestock, the method 
comprising filtering fibres and particles from the liquid, subjecting the liquid to anaerobic fermentation in a biogas reactor, separating a 
substantially sterile and particle-free permeate stream from the biogas reactor, e.g. using ultrafiltration, subjecting the permeate stream to 
treatment with an ammonia stripper at an elevated temperature and preferably at reduced pressure to remove substantially all ammonia and 
carbon dioxide and to result in an ammonia fraction and a nutrient salt fraction, and separating the nutrient salt fraction into a fertiliser 
concentrate fraction and a water fraction, e.g. using reverse osmosis. The end products of the method are clean water, ammonia concentrate, 
fertiliser concentrate containing salts of P and K. compost and high-quality biogas with a high methane content. 
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METHOD AND PLANT FOR THE TREATMENT OF LIQUID ORGANIC WASTE 

FIELD OF THE INVENTION 

5 The present invention relates to a method and a plant for the 

treatment of organic waste materials in liquid form such as liq- 
uid manure from livestock production or sewage. 

DISCUSSION OF THE PRIOR ART 

10 

In order to meet increasing world-wide demands for food, inten- 
sive livestock production has become more widespread in recent 
years, and this trend will undoubtedly continue in the future. 
While providing important benefits in terms of increased yield 

15 and a more efficient production process, intensive livestock pro- 
duction has negative environmental consequences due to the large 
amount of organic waste that is produced. Intensive production of 
pigs results in particular in a large amount of liquid manure 
that can represent a serious environmental problem if not treated 

20 and handled correctly. However, technologies have not been avail- 
able in the past to treat this type of liquid organic waste in an 
environmentally and economically acceptable manner. As a result, 
the liquid manure from intensive livestock production has in many 
cases led to serious environmental problems, for example pollu- 

25 tion of ground water by excess manure spread onto fields or oth- 
erwise allowed to leach into the ground. 

Danish utility model No. DK 95 00113 U3 describes a plant for the 
treatment of liquid manure, in which the manure is converted to 

30 compost, fertilisers, water and biogas. The plant comprises 1) a 
filtration unit for separating fibrous and particulate material 
having a size of over 1 mm from the liquid and particles less 
than 1 mm, the fibrous material being e.g. used as compost, 2) a 
reactor for the production of biogas, 3) an ultrafiltration unit 

35 that retains bacteria and suspended organic material and returns 
such material to the biogas reactor, 4) a desulphurisat ion unit 
that removes hydrogen sulphide from the biogas before the biogas 
is used for the production of heat and power, 5) a reverse osmo- 
sis unit, in which the permeate stream from the ultrafilter is 
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separated into a water fraction and a fertiliser concentrate 
fraction . 

A separation plant for liquid manure referred to as BIOREK® is 
5 known from Bioscan A/S (Odense, Denmark) . The BIOREK<*> plant is 
based on the plant described in DK 95 00113 U3 and further con- 
tains, between the ultrafiltration unit and the reverse osmosis 
unit, an ammonia stripper for the removal of ammonia and carbon 
dioxide from the permeate stream from the ultrafilter. The BIO- 
10 REK® plant is described e.g. in a brochure, published 10/97, from 
Bioscan A/S entitled "BIOREK® separation plant for liquid manure, 
Sandager Skovgaard". 

The present invention represents a further development of the 
15 technology known from DK 95 00113 U3 and from the BIOREK® plant, 
allowing surprisingly advantageous results to be obtained in the 
treatment of liquid manure and other liquid organic waste materi- 
als . 

20 BRIEF DISCLOSURE OF THE INVENTION 

One aspect of the present invention relates to a method for the 
treatment of an organic waste material in liquid form, comprising 
subjecting the liquid to anaerobic fermentation in a biogas reac- 

25 tor, separating a substantially sterile and particle-free perme- 
ate stream from the biogas reactor, subjecting the permeate 
stream to treatment with an ammonia stripper to result in an am- 
monia fraction and a nutrient salt fraction, and separating the 
nutrient salt fraction into a fertiliser concentrate fraction and 

30 a water fraction, wherein treatment of the permeate stream with 
the ammonia stripper is performed at an elevated temperature. 

Another aspect of the invention relates to a plant for treatment 
of an organic waste material in liquid form, comprising a biogas 
35 reactor, means for separating a substantially sterile and parti- 
cle-free permeate stream from liquid in the biogas reactor, an 
ammonia stripper for separating the permeate stream into an ammo- 
nia fraction and a nutrient salt fraction, and means for separat- 
ing the nutrient salt fraction into a fertiliser concentrate and 
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a water fraction, wherein the ammonia stripper includes a heating 
means for heating the permeate stream. 

A further aspect of the invention relates to a method for produc- 
5 ing biogas enriched in methane, the method comprising subjecting 
an organic waste material in liquid form to anaerobic fermenta- 
tion in a biogas reactor, wherein liquid from the biogas reactor 
is subjected to ultrafiltration to result in a permeate fraction 
enriched in carbon dioxide and a methane-enriched fraction, said 
10 methane-enriched fraction being returned to the biogas reactor to 
result in biogas having an increased methane content. 

A still further aspect of the invention relates to methane- 
enriched biogas produced by this method. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

The method and plant of the invention are suitable for treatment 
of any aqueous organic waste material, including waste water from 

20 households, industry or agriculture, including sewage from insti- 
tutions such as hospitals, as well as liquid manure from live- 
stock production. As indicated above, the invention is particu- 
larly suitable for treating the liquid manure that results from 
intensive livestock production, e.g. intensive production of 

25 pigs. In the description below, reference will often be made for 
the sake of simplicity to liquid manure. It will be clear to per- 
sons skilled in the art, however, that the method and plant of 
the invention are equally applicable to other types of liquid or- 
ganic waste material. 

30 

In a preferred embodiment of the invention the method and plant 
comprise the following parts: 

1. Pre-treatment of the liquid waste material 

35 

The liquid waste material to be treated in accordance with the 
present invention, e.g. liquid manure, will typically comprise 
not only liquid with a variety of organic and inorganic compo- 
nents dissolved therein, but also a certain amount of fibrous 
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and/or particulate matter suspended therein. It is preferred that 
as much as possible of this fibrous and particulate material 
above a certain size be removed from the liquid before the liquid 
is subjected to anaerobic fermentation and subsequent steps in 
5 the process, as such larger particles will tend to interfere with 
ultrafiltration, etc., thereby reducing treatment efficiency and 
increasing costs. The liquid waste material is therefore typi- 
cally filtered to remove larger fibres and particles, optionally 
after having been treated with a macerator, whereby material with 

10 a particle size of more than about 1 mm is .removed. The filter 

mass comprising the fibres and particles that have been filtered 
off can then be pressed to remove excess liquid, and this liquid, 
together with the liquid fraction from the filtration process 
(containing particles of e.g. less than about 1 mm) can then be 

15 combined and subjected to anaerobic fermentation in the biogas 
reactor . 

It is preferred, however, that the liquid resulting from the fil- 
ter pre-treatment is not added directly to the biogas reactor, 

20 but rather to a buffer tank. In addition to being advantageous by 
providing a supply of liquid from which liquid to be treated can 
be transferred as needed to the biogas reactor, in order to main- 
tain a suitable load in the biogas reactor, the buffer tank also 
serves to allow particles such as sand particles, which are unde- 

25 sired in the subsequent treatment process, to sediment, while 

suspended organic particles are led, together with the liquid, to 
the biogas reactor. 

2. Anaerobic fermentation 

30 

From the buffer tank, liquid manure or other liquid waste mate- 
rial is led to the biogas reactor, in which anaerobic fermenta- 
tion takes place. Although the residence time in the biogas reac- 
tor will vary depending on such factors as the nature of the 
35 waste material, the organic matter content, the bacteria mix pre- 
sent and the temperature of the liquid, it has been found that 
for liquid manure from pigs, a residence time of about 1-7 days, 
e.g. about 3-6 days, such as about 3-4 days, is generally suit- 
able. The liquid to be treated is typically pumped into the reac- 
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tor via an inlet in the lower part of the reactor, and an outlet 
is typically located slightly below the liquid surface. The bot- 
tom of the reactor vessel is preferably conical, thereby allowing 
any sedimented particles or sludge to be removed as necessary via 
an outlet at the bottom. The level of liquid in the reactor may 
be regulated e.g. by means of a pressure gauge at or near the 
bottom of the reactor vessel, the pressure gauge being function- 
ally connected to a valve, e.g. placed downstream of the ultra- 
filtration unit, that automatically allows permeate to be re- 
turned to the reactor vessel as necessary in order to maintain a 
desired level of liquid in the reactor. 

Although it is possible to stir the contents of the reactor, this 
will not normally be required, since, in a preferred embodiment, 
the reactor will be designed so as to automatically provide a 
suitable flow of liquid within the reactor, thus providing suffi- 
cient mixing of the contents. Typically, this will take place as 
a result of the liquid inlet being at the bottom of the tank, 
while the liquid outlet is near the upper surface of the liquid. 
The tank itself is preferably designed, taking into consideration 
Stoke' s law, to result in a flow that allows heavier particles, 
in particular inorganic particles such as clay particles, to 
sediment, while lighter particles, in particular particles of or- 
ganic matter, remain suspended. 

The temperature in the reaction vessel can be varied as desired, 
but will typically be suitable for mesophilic bacteria, e.g. in' 
the range of about 20-40»C, e.g. about 30-40»C. In many cases, a 
temperature of about 35-37°C will be most advantageous. If appro- 
priate, depending on the type of bacteria present, the use of 
higher or lower fermentation temperatures is of course possible. 
For most purposes, including the treatment of liquid manure, the 
bacteria responsible for the anaerobic fermentation will simply 
be those bacteria that are naturally present in the liquid waste 
in question. However, it is also contemplated that it may in some 
cases be advantageous to supplement the native bacteria by adding 
one or more desired bacteria cultures to the biogas reactor or to 
the liquid. 
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It is of course important that the biogas reactor be designed to 
have a suitable size for the intended type and amount of liquid 
waste to be treated. Aside from the fact that this results in op- 
timal fermentation, it is also important that organic components 
5 in the reactor are degraded sufficiently to avoid fouling of the 
ultrafilter with protein or fat. When the waste material being 
treated is liquid manure from livestock, the organic load in the 
biogas reactor is thus preferably below about 10 kg volatile sol- 
ids per cubic meter per day, e.g. not more than about 8 kg vola- 

10 tile solids per cubic meter per day, preferably not more than 

about 5 kg volatile solids per cubic meter per day. However, for 
other types of liquid wastes, the load in the reactor (kg VS/mVd, 
determined according to DS 207:1985 as loss on ignition at 550°C 
for 1 hour) may be greater. For example, it is believed that a 

15 load of about up to about 20 kg VS/m ; /d will be suitable when 

treating distillery waste, because the content of sugar and alco- 
hol in such waste enhances the fermentation process. 

Biogas produced by the fermentation is removed from the reactor 
20 via an outlet at or near the top of the reactor vessel. In a fur- 
ther preferred embodiment, when the biogas contains hydrogen sul- 
phide, the gas, typically after having been mixed with air, is 
subjected to a desulphurisation process to remove the hydrogen 
sulphide. The desulphurisation process may be performed using 
25 known methods, e.g. using ochre ore filters, iron filing filters, 
iron hydroxide filters, bark filters or the Sulphint'S» wash proc- 
ess. The resulting biogas contains predominately methane and some 
carbon dioxide, and only very small amounts of other gasses, and 
is therefore highly suitable for use in e.g. gas motors or gen- 
30 erators for the production of heat and/or power. This is ex- 
plained in more detail below in connection with the discussion of 
the ultrafiltration step. 

3 . Ultrafiltration 

35 

As mentioned above, a substantially sterile and particle-free 
permeate is separated out of the liquid in the biogas reactor, 
preferably by means of a membrane separation technique, in par- 
ticular by means of ultrafiltration. In a preferred embodiment, 
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the fraction retained by the ultraf ilter, containing bacteria and 
suspended organic material, is returned to the biogas reactor, 
e.g. by being added to untreated waste liquid being pumped to the 
reaction vessel from the buffer tank. By leading this fraction 
back to the reaction vessel, an improved degradation of the or- 
ganic components is obtained, as well as an enhanced fermenta- 
tion, since bacteria which are active in the fermentation process 
are returned to the reactor. As explained above, permeate exiting 
the ultrafiltration unit can in addition be used to help regulate 
the liquid level in the reactor vessel. For this reason, it is 
preferred that the capacity of the ultrafiltration unit is larger 
than that which is strictly necessary with regard to the daily 
flow of liquid into the reactor and the corresponding flow of 
permeate exiting the ultraf ilter for further treatment. The flow 
of liquid into the reactor vessel can thus be regulated by means 
of a combination of 1) liquid with a high organic matter content 
entering from the buffer tank, combined with a certain amount of 
liquid being returned from the ultrafiltration unit to the reac- 
tor, and 2) permeate from the ultrafiltration unit. This allows 
both the volume of liquid in the reactor and the organic matter 
content in the liquid to be "fine-tuned", so that the anaerobic 
fermentation process can be optimised to any given set of condi- 
tions . 



In a particularly preferred embodiment, ultrafiltration is per- 
formed using a tubular ultrafiltration membrane. The membrane 
typically has a cut-off of about 10,000-30,000 Dalton, preferably 
about 15,000-25,000 Dalton, e.g. about 20,000 Dalton, and a di- 
ameter of about 5-30 mm, e.g. about 5-25 mm, e.g. about 8-20 mm, 
such as about 10-15 mm. A. non-limiting example of such a tubular 
ultrafiltration membrane system is as follows: 

The ultrafilter is composed of a number of modules of equal size, 
the number of modules in a given system being determined accord- 
ing to the size of the treatment plant. Each module consists of a 
19 meter long tube with an inner diameter of 12.5 mm. The tube is 
bent in such a fashion that it fits into an a shell of aluminium, 
having a length of 3 meters, encapsulating the membrane tube and 
sealed at each end by a watertight epoxy seal. The ultrafilter 
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membrane is fixed to the inner side of the tube and is of the 
asymmetric, polysulphone, cross-flow type with a mean molecular 
weight cut-off of 20,000 Dalton, meaning that only molecules with 
a mean molecular weight of less than about 20,000 amu (atomic 
5 mass units) can pass the membrane. The fraction retained by the 
ultrafilter is pumped through the filter tube at a pressure of 
about 4-6 bar and a velocity of about 1.5-2.0 m/s, creating a 
turbulent flow through the tube. This turbulent flow is charac- 
teristic of cross-flow filtration. The filter modules are nor- 
10 mally arranged in a parallel flow path, which in the case of 

treatment of 40 m/day of waste such as liquid manure means about 
60 modules with a recirculation flow through the filter of about 
50-70 mVhour. The permeate passing through the filter membrane is 
collected in the aluminium shell encapsulating the filter tube 
15 and led from here to an intermediate permeate tank, from which it 
can either be pumped back to the reactor in order to maintain a 
desired level of liquid in the reactor or pumped to a storage 
tank upstream from the ammonia stripper. 

The flow of liquid through the ultrafiltration unit will typi- 
cally correspond to a flow that allows a volume corresponding to 
the entire reactor content to pass through the ultrafiltration 
unit in a few hours. For example, for a reactor vessel with a 
volume of 240 m 3 , a volume of about 50-70 mVh may pass through 
the ultrafiltration unit. From this volume, a relatively small 
amount will exit the ultrafiltration unit as substantially ster- 
ile, particle-free permeate, while the remainder, containing bac- 
teria and suspended organic particles, will be recirculated to 
the reactor. If 40 mVday of permeate is led on to the next stage 
of the process, the residence time will be 6 days on average in 
this case. 

An important advantage of the method and plant of the invention 
is that it has surprisingly been found that the biogas produced 
35 in this manner has an unusually high content of methane and a 

correspondingly low content of carbon dioxide compared to biogas 
produced by traditional methods. Thus, while biogas normally has 
a methane content of not more than about 65% by weight and a car- 
bon dioxide content of at least about 35% by weight, it has been 



25 
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found that biogas produced according to the present invention 
typically has a methane content of about at least about 70* by 
weight, e.g. at least about 15% by weight, for example a methane 
content of about 15-80% by weight and a carbon dioxide content of 
5 only about 20-253. by weight. This is believed to be associated 
with the fact that carbon dioxide has a higher solubility in the 
water phase than methane at a higher pressure, in accordance with 
the pressure swing absorption process (PSA process) for separat- 
ing carbon dioxide out of a carbon dioxide/methane mixture. This 

10 results in a separation mechanism in the ultrafiltration mem- 
brane, allowing a substantial fraction of the carbon dioxide to 
be transported across the membrane compared to the amount of 
methane transported across the membrane. Consequently, liquid re- 
turned from the ultrafiltration unit to the bioreactor is en- 

15 riched in methane. 

This high methane content is a great advantage especially when 
the biogas is to be used in gas motors, since a low methane con- 
tent (e.g. as found in conventional biogas) makes it difficult to 

20 properly regulate the gas/air mixture. The high methane content 

of the biogas produced according to the present invention, on the 
other hand, means that correct carburation is not as critical, 
and the result is a smoother and more economical operation of the 
motor. In effect, the invention results in biogas with a quality 

25 close to that of natural gas. 

4 . Ammonia stripper 

Although the permeate from the ultrafiltration unit can, in prin- 
30 ciple, be treated directly in a reverse osmosis unit, in practice 
this leads to significant difficulties in the reverse osmosis due 
to a rather high concentration of ammonia and carbon dioxide in 
the permeate. According to the present invention, it has been 
found that effective removal of ammonia together with carbon di- 
35 oxide is critical for the success and economical operation of the 
subsequent reverse osmosis step. Various methods and apparatuses 
for the removal of ammonia are known in the art, and while the 
precise nature of the ammonia stripper used is not critical, it 
has been found that a significantly improved result is obtained 
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when the ammonia stripping step is performed at an elevated tem- 
perature, and optionally also under a partial vacuum. In particu- 
lar, the effective removal of both ammonia and carbon dioxide 
from the permeate stream is important for the subsequent reverse 
5 osmosis step, since insufficient removal of ammonia and carbon 
dioxide was found to result in deposits on the reverse osmosis 
membranes, such deposits ultimately requiring the plant to be 
shut down for repairs and possible replacement of the membranes, 
which in turn leads to greatly increased costs and reduced waste 
10 treatment capacity. 

While not wishing to be bound by any theory, the improved results 
obtained when the ammonia stripping is performed with the appli- 
cation of heat are believed to be related to the following equi- 
librium equations for ammonia and carbon dioxide: 



15 



20 



25 



30 



35 



h* + HCCV H 2 CO ? <-> h 2 o + co 2 

NH<~ <-» nh ? + H + 

With increased temperature, the equilibrium for carbonic 
acid/carbon dioxide is shifted to the right, i.e. towards release 
of gaseous carbon dioxide. This is accompanied by a decrease in 
the FT concentration, i.e. an increase in pH, which in turn shifts 
the ammonium/ammonia equilibrium to the right, i.e. towards con- 
version of dissolved ammonium to ammonia. Similarly, the conver- 
sion of ammonium to ammonia shifts the carbonic acid/carbon diox- 
ide equilibrium towards conversion to carbon dioxide. Thus, the 
application of heat serves to improve the removal of both ammonia 
and carbon dioxide, and the effect can be further improved if the 
process is carried out under a partial vacuum. 

The removal of ammonia is important for several reasons. One of 
these is the fact that removal of ammonium in the subsequent re- 
verse osmosis step is relatively poor compared to many other in- 
organic salts. Thus, it will typically not be possible to remove 
more than about 90-95* of the ammonium ions by means of reverse 
osmosis, while reverse osmosis can, for example, remove about 
99.5?, of sodium ions present. As a result, if ammonia is not suf- 
ficiently removed by ammonia stripping, the "purified" water re- 
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suiting from the reverse osmosis will contain an excessive amount 
of ammonia, i.e. an amount exceeding that allowed by relevant 
laws and standards. In addition, the removal of almost all of the 
ammonia (about 98-99?.) provides the advantage of separating the 
5 ammonia from salts of phosphorus and potassium, which makes these 
end products more useful and valuable. 

The removal of carbon dioxide is particularly important in that 
it leaves the permeate essentially free of bicarbonate ions that 
would otherwise result in damaging deposits of calcium and magne- 
sium carbonate on the reverse osmosis filter. By removing the bi- 
carbonate ions, the treatment process as a whole is made easier, 
cheaper and more reliable, and it is furthermore possible to ob- 
tain a larger overall capacity for the plant as a whole for a 
given reverse osmosis unit, or alternatively, to use a reverse 
osmosis unit with a -smaller capacity than would otherwise be re- 
quired . 

Referring to the above discussion, ammonia stripping is typically 
performed at a temperature of at least about 40°C, preferably at 
least about 50°C, more preferably at least about 60°C, e.g. at 
least about 70°C. The permeate may also be boiled so that ammonia 
stripping is obtained by means of distillation. Optionally, a 
combination of heat and reduced pressure may be used, e.g. a 
pressure of about 0.25-0.75 bar, such as about 0.5 bar, and a 
temperature of about 65-85°C, such as about 70-80 c C. 

As indicated above, the ammonia stripping method itself is not 
critical, and various methods known in the art will be able to be 
adapted to the needs of the present invention. An example of a 
suitable method and apparatus is described in EP 0494154-A. In a 
preferred embodiment, heat and reduced pressure are both provided 
by a compression evaporator, the heat being provided by condensa- 
tion of evaporated liquid. 
35 

As an alternative to the use of a combination of heat and reduced 
pressure, the removal of ammonia and carbon dioxide can also be 
obtained using heating alone, i.e. at atmospheric pressure. In 
this case, the permeate is simply heated to a temperature suffi- 
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cient to distil off the ammonia and carbon dioxide. In a further 
preferred embodiment, the heat for this process can be provided 
by excess heat from the burning of the biogas to provide heat and 
power, e.g. from flue gas. 

5 

Since both ammonia and carbon dioxide are effectively removed 
from the permeate, they tend to form a salt that precipitates in 
the form of ammonium bicarbonate. However, this can be readily 
removed from the ammonia stripper, e.g. by means of a mechanical 
10 extraction method combined with a worm pump. 

Since the removal of ammonia and carbon dioxide from the permeate 
is accompanied by an increase in pH, the nutrient salt fraction 
exiting the ammonia stripper typically has a pH value about 9-10. 
In the subsequent reverse osmosis step, a lower pH is desired in 
order to prevent deposits on the membrane of especially phos- 
phates, and the pH of the nutrient salt fraction should therefore 
be reduced to below about 7.0 prior to the reverse osmosis step. 
Typically, the pH is adjusted to about 6.5. Any suitable acid may 
be used, in particular an inorganic acid such as phosphoric acid, 
nitric acid, hydrochloric acid or sulphuric acid. A preferred 
acid is phosphoric acid. 



15 



20 



25 



35 



5. Reverse 



osmosis 



After having passed through the ammonia stripper, the permeate 
consists of a nutrient salt fraction in which essentially all am- 
monia and carbon dioxide has been removed, the pH of the nutrient 
salt fraction having been adjusted to a suitable level as de- 
40 scribed above. This nutrient salt fraction is then subjected to 
further purification using a membrane separation technique, in 
particular a reverse osmosis unit, which performs the final step 
in the treatment process, namely the separation of nutrient salts 
to result in a fertiliser concentrate fraction and a water frac- 
tion. The nutrient salts removed in this step are in particular 
salts of phosphorus and potassium, and the water that remains af- 
ter the reverse osmosis step is clean, potable water that fulfils 
the WHO requirements for drinking water. 



WO 99/42423 



PCT/DK98/00069 



13 

The reverse osmosis step is e.g. performed using a conventional 
spiral reverse osmosis membrane unit arranged in a tapered con- 
figuration. The membranes are e.g. of the polyamide brackish wa- 
ter type normally used for desalination. 

5 

The reverse osmosis may be either performed as a continuous proc- 
ess or a batch process. In a preferred embodiment, however, the 
reverse osmosis is performed as a fed batch process. This can for 
example take place using a concentrate tank, e.g. with a volume 

10 of about 2 nr. At the beginning of a cycle, the concentrate tank 
is filled up with permeate which is pumped to the reverse osmosis 
membrane. Clean water is removed from the reverse osmosis unit, 
while permeate retained by the reverse osmosis membrane is re- 
turned to the concentrate tank for further processing. After a 

15 period of e.g. about 12-14 hours, the volume of concentrated per- 
meate in the tank has been reduced to, e.g., about 20% of the 
original permeate volume. At this point, the concentrated perme- 
ate (fertiliser concentrate) is removed from the tank, which is 
then rinsed prior to the start of a new cycle. 

20 

The separation of the liquid manure or other liquid organic waste 
into the various end products (clean water, ammonia concentrate, 
P/K fertiliser concentrate, fibrous compost and biogas) according 
to the present invention results in a significant improvement in 

25 the utilisation of the various components in the waste material, 
and correspondingly a significant reduction of the environmental 
impact. In this way, it is in fact possible to recycle as much as 
98-1003 of the organic matter in liquid manure into useful prod- 
ucts. Furthermore, the invention makes is possible to obtain sig- 

30 nificant improvements in the internal environment of stalls con- 
taining livestock, since the stalls can be designed for immediate 
removal of liquid manure. As a result, it is possible to essen- 
tially eliminate ammonia from such stalls, and the stalls can be 
constructed without any large-scale storage facilities for liquid 

35 manure, since the manure can be led out of the stall for substan- 
tially immediate treatment. 

A further important advantage of the treatment plant described 
above is that it is designed to require very little maintenance. 
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This is in particular due to the fact the initial treatment steps 
prevent fouling of the ultrafilter, and that the effective re- 
moval of ammonia and carbon dioxide prevents fouling of the re- 
verse osmosis membrane. The result is a significant improvement 
5 in the overall efficiency and economy of the treatment process, 
since regular shutdowns of the plant for the purpose of cleaning 
or replacing filters and membranes are largely eliminated. 
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In addition, since very little routine maintenance is required, 
the entire system is well-suited for automatic, computerised op- 
eration. For example, the fermentation process can be monitored 
by means of automatic measurements of volatile fatty acids, such 
measurements typically being performed downstream of the ultra- 
filtration unit, e.g. using an automatic titration process. The 
results of these measurements can then be used to automatically 
regulate the feed of untreated liquid waste into the reactor ves- 
sel, so as to maintain a desired organic matter content in the 
reactor and thus an optimum fermentation rate. 

Another preferred embodiment of the invention, which is particu- 
larly suitable for the treatment of sewage from e.g. households, 
institutions or industry, comprises the following: 

1. A coarse screen filter having openings of e.g. about 2-3 cm 
for removing relatively large objects from the sewage. 

2. A pre-treatment filtration of the sewage to remove fibres and 
particles of a size of more than about 1 mm, i.e. corresponding 
to the pre-treatment described in more detail above. 

3. A concentration tank connected to an ultrafiltration unit, 
wherein the ultrafiltration unit corresponds essentially to that 
described above, although typically using an ultrafiltration mem- 
brane with a larger pore size, e.g. having a mean molecular cut- 
off point of up to about 100,000 Dalton, such as from about 
20,000 to about 100,000 Dalton, depending on the nature of the 
waste being treated. Ultrafiltration of liquid from the concen- 
tration tank typically results in a permeate volume of about 80V. 
of the total volume of liquid added to the concentration tank, 
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and a concentrate volume of about 20% of the total volume of liq- 
uid added to the concentration tank. 

In this embodiment, anaerobic fermentation does not take place in 
the concentration tank, and as a result, the liquid subjected to 
ultrafiltration will contain a significant amount of macromolecu- 
lar material (proteins and fat) that will tend to be collected on 
the ultrafilter membrane. The ultrafilter membrane will thus re- 
quire cleaning at regular intervals, for example once a day, 
which typically takes about 4-6 hours. The concentration tank 
will therefore be designed so that it can hold a much larger vol- 
ume than that which is actually present in the tank most of the 
time, thereby allowing the concentration tank to also function as 
a buffer tank into which liquid to be treated may flow during pe- 
riods in which the ultrafiltration unit is not in operation due 
to cleaning of the ultrafilter membrane. 

4. A first reverse osmosis unit for treatment of the permeate 
fraction from the ultrafiltration unit. 

5. The concentrate fraction from the ultrafiltration unit is sub- 
jected to a treatment process substantially as described in more 
detail above, i.e. using a combination of a biogas reactor, an 
ultrafiltration unit and an ammonia stripper. 

6. The permeate from the first reverse osmosis unit mentioned in 
(4) above is combined with the permeate (nutrient salt fraction) 
from the ammonia stripper mentioned in (5) above, this combined 
permeate being subjected to reverse osmosis. The reverse osmosis 
unit in this case is substantially as described in more detail 
above, but will typically be dimensioned to treat a much larger 
volume of liquid. 



35 



As an example, the concentration tank in this embodiment of the 
invention may have a size of e.g. about 200 m : ', suitable for daily 
treatment of about the same sewage volume. The volume of liquid 
in the concentration tank will generally be much less, however, 
e.g. about 50 m ? , with the exception of those periods during which 
the ultrafiltration unit is not in operation due to cleaning of 
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the ultrafilter. In these periods, liquid will continue to flow 
into the concentration tank, so that the level of liquid rises 
significantly until the ultrafiltration unit again begins operat- 
ing, at which point the amount of liquid in the tank will fall 
relatively quickly to the equilibrium level of e.g. about 50 nr . 
Typically, about 80% of the total liquid volume added to concen- 
tration tank, or in this case about 160 mVd, will exit the ultra- 
filtration unit as permeate, while the remaining approximately 
20%, i.e. about 40 mVd in this case, will be removed from the 
concentration tank for further processing using a biogas reactor, 
an ultrafiltration unit and an ammonia stripper as mentioned in 
(5) above. 

The use of a concentration tank, in order to obtain a liquid 
waste with a higher organic matter content before the liquid is 
treated in the biogas reactor, is preferred for liquids having an 
initial organic matter content of less than about 0.5-1% by 
weight, while such a concentration step will not normally be per- 
formed when the organic matter content is above about 1% by 
20 weight . 
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Description of the drawings 

Fig. 1 shows the basic components of a preferred treatment plant 
25 according to the invention. 

Fig. 2 shows a mass balance diagram for liquid manure treated ac- 
cording to the invention. 



30 
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Fig. 3 shows a treatment plant suitable for treating sewage from 
e.g. households or institutions. 

In Fig. l, the treatment plant comprises a collecting tank 2 for 
collecting liquid manure from livestock in a stall. A pump 4 
pumps liquid manure from the collecting tank 2 to a filtration 
unit 6, which separates the liquid manure into a fibrous fraction 
8 and a liquid fraction 10, which is collected in a buffer tank 
12. From the buffer tank 12, liquid is transferred by means of a 
pump 14 to a biogas reactor 16, wherein anaerobic fermentation 
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takes place. An outlet at or near the top of the reactor allows 
biogas 18 to be removed from the reactor. The biogas 18 is then 
preferably mixed with air and subsequently treated in a desul- 
phurisation unit (not shown) to remove hydrogen sulphide. Liquid 
from the reactor 16 is transferred by means of a pump 20 to an 
ultrafiltration unit 22 that separates a substantially sterile 
and particle-free permeate stream from liquid in the reactor. A 
pressure gauge (not shown) is located at or near the bottom of 
the reactor 16, the pressure gauge being in contact with a valve 
24 that allows part of the permeate 26 to be returned to the re- 
actor 16 as necessary in order to regulate the level of liquid in 
the reactor. The remainder of the permeate 28 is led on to an am- 
monia stripper 30. Liquid 32 containing recirculated biomass 
(bacteria and suspended organic matter) retained by the ultrafil- 
tration unit 22 is mixed with untreated liquid manure from the 
buffer tank 12 and returned to the reactor 16 for further treat- 
ment. Preferably, the liquid 32 first passes through a heat ex- 
changer 34. The reactor 16 has an outlet 36 at the bottom through 
which sedimented particles and sludge can be removed. The ammonia 
stripper 30 separates the permeate into an ammonia fraction 38, 
containing almost all of the ammonia and carbon dioxide found in 
the permeate, and a nutrient salt fraction 40 containing water 
and dissolved salts of phosphorus and potassium. The nutrient 
salt fraction 40 is then subjected to reverse osmosis in a re- 
verse osmosis unit 42, which results in a fertiliser concentrate 
fraction 44 comprising salts of P and K and clean water 46 of 
drinking water quality. 

Fig. 2 shows schematically the result of processing 40 t/day of 
liquid manure slurry. As shown in the mass balance diagram, the 
40 tons of liquid manure is filtered to result in 1.2 tons of 
compost and 38.8 tons of filtered slurry. Processing of the fil- 
tered slurry in the biogas reactor results in 880 Nnr of biogas, 
of which about 70% is methane. After ultrafiltration and ammonia 
stripping, the 38,8 tons of permeate result in about 1 ton of am- 
monia concentrate and about 38 tons of nutrient salt permeate. 
After reverse osmosis, the nutrient salt permeate is converted to 
6.2 tons of P/K fertiliser concentrate and 31.6 tons of water. In 
the figure, VS = volatile solids, TS = total solids. 
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Fig. 3 shows the basic components of a treatment plant for the 
treatment of sewage. In this embodiment, the treatment plant com- 
prises a coarse screen filter 2 for removing relatively large ob- 

5 jects from the sewage. The sewage is then led to a pre-treatment 
filter 4 to remove fibres and particles of a size of more than 
about 1 mm and subsequently to a concentration tank 6, the con- 
centration tank 6 being connected to an ultrafiltration unit 8 
comprising a tubular ultrafiltration membrane. Permeate 10 from 

10 the ultrafiltration unit 8 is transferred to a first reverse os- 
mosis unit 12 for further purification. Concentrate 14 from the 
concentration tank 6 is then subjected to a treatment 16 (details 
not shown) comprising a combination of a biogas reactor, an ul- 
trafiltration unit and an ammonia stripper. The permeate 18 from 

15 the first reverse osmosis unit 12 is then combined with the per- 
meate 20 from the treatment 16, this combined permeate being sub- 
jected to reverse osmosis in a second reverse osmosis unit 22. 

The invention will be further illustrated in the following non- 
20 . limiting example. 

EXAMPLE 

A plant as described above and comprising the following compo- 
25 nents has been in use on a pig farm in Denmark for a period of 6 
months : 

a pre-treatment unit for removing fibrous and particulate 
material greater than 1 mm ("SWEA separator", available from Swea 
30 A/S, Denmark) 

a buffer tank, 

a biogas reactor with a volume of about 240 m', operating at 
a temperature of about 35-37°C, 

a desulphurisation unit for removal of hydrogen sulphide 

35 from the biogas, 

an ultrafiltration unit employing a tubular ultrafilter with 
a diameter of 12.5 mm and a cut-off point of about 20,000 Dalton 
(obtained from Membratek, South Africa), with a flow through the 
unit of about 50-70 mVh, 
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an ammonia stripper similar to that described in EP 
0494154-A, comprising a compression evaporator to result in a re- 
duced pressure of about 0.5 bar and a permeate temperature of 
about 75-80°C, and 

- a spiral reverse osmosis membrane unit arranged in a tapered 
configuration, with membranes of the polyamide brackish water 
type. 

This treatment plant was used to treat a volume of liquid manure 
10 from pigs of about 4 0 mVday, the liquid manure having a dry mat- 
ter content about 6% by weight. The end products of the treat- 
ment, per day, are as follows: 

33 m- of clean water (fulfils WHO standards for drinking wa- 

lo ter), 

1 nr of ammonia concentrate, 

5 m- of fertiliser concentrate containing primarily salts of 
P and K, 

1 nr of fibrous material for compost, and 

800 m> of biogas comprising about 75% by weight of methane, 
the biogas providing about 1520 kWh of power and about 2760 kWh 
of heat. 



20 
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CLAIMS 

1. A method for the treatment of an organic waste material in 
liquid form, comprising subjecting the liquid to anaerobic fer- 
5 mentation in a biogas reactor, separating a substantially sterile 
and particle-free permeate stream from the biogas reactor, sub- 
jecting the permeate stream to treatment with an ammonia stripper 
to result in an ammonia fraction and a nutrient salt fraction, 
and separating the nutrient salt fraction into a fertiliser con- 
10 centrate fraction and a water fraction, wherein treatment of the 
permeate stream with the ammonia stripper is performed at an ele- 
vated .temperature. 
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2. A method according to claim 1 wherein fibres and particles 
having a size larger than about 1 mm are separated from the liq- 
uid prior to fermentation in the biogas reactor. 

3. A method according to claim 1 or 2 wherein separation of the 
permeate stream from the biogas reactor is performed by means of 
ultrafiltration, and wherein bacteria and suspended organic mat- 
ter retained by the ultrafiltration are returned to the biogas 
reactor . 

4 . A method according to claim 3 wherein ultrafiltration is per- 
25 formed using a tubular ultrafiltration membrane. 

5. A method according to any of claims 1-4 wherein separation of 
the nutrient salt fraction into a fertiliser concentrate and a 
water fraction is performed by means of reverse osmosis. 

30 

6. A method according to claim 5 wherein the pH of the nutrient 
salt fraction is reduced to below about 7.0 prior to the reverse 
osmosis step. 

35 7. A method according to any of claims 1-6 wherein ammonia strip- 
ping is performed at a temperature of at least about 40 C C, pref- 
erably at least about 50°C, more preferably at least about 60°C, 
e.g. at least about 70°C. 
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8. A method according to any of claims 1-7 wherein heating of the 
ammonia stripper is provided from the burning of biogas produced 
by the biogas reactor, e.g. from flue gas. 

9. A method according to any of claims 1-7 wherein ammonia strip- 
ping is performed at reduced pressure. 

10. A method according to claim 9 wherein ammonia stripping is 
performed using a combination of reduced pressure of about 
0.25-0.75 bar, e.g. about 0.5 bar, and a temperature of about 
65-85*C, e.g. about 70-80°C. 

11. A method according to any of claims 1-10 wherein the organic 
waste material is liquid manure from livestock production. 

12. A method according to claim 11 wherein the organic load in 
the biogas reactor is not more than about 5 kg volatile solids 
per cubic meter per day. 

13. A method according to any of claims 1-10 wherein the organic 
waste material is industrial, agricultural, institutional or 
household waste water. 

14. A plant for treatment of an organic waste material in liquid 
form, comprising a biogas reactor, means for separating a sub- 
stantially sterile and particle-free permeate stream from liquid 
in the biogas reactor, an ammonia stripper for separating the 
permeate stream into an ammonia fraction and a nutrient salt 
fraction, and means for separating the nutrient salt fraction 
into a fertiliser concentrate and a water fraction, wherein the 
ammonia stripper includes a heating means for heating the perme- 
ate stream. 

15. A plant according to claim 14, further comprising filter 
means for separating fibres and particles having a size larger 
than about 1 mm from a liquid before said liquid enters the bio- 
gas reactor. 
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16. A plant according to claim 14 or 15 wherein the means for 
separating a substantially sterile and particle-free permeate 
stream from liquid in the biogas reactor comprises an ultrafil- 
tration unit, and further comprising means for returning bacteria 
and suspended organic matter retained by the ultrafiltration unit 
to the biogas reactor. 



17. A plant according to claim 16 wherein the ultrafiltration 
unit comprises a tubular ultrafiltration membrane. 

18. A plant according to any of claims 14-17 wherein the means 
for separating the nutrient salt fraction into a fertiliser con- 
centrate and a water fraction comprises a reverse osmosis unit. 

19. A plant according to any of claims 14-18 wherein the ammonia 
stripper further comprises a compressor means for providing re- 
duced pressure, e.g. a compression evaporator that functions to 
provide both reduced pressure and heat. 

20. A plant according to any of claims 14-18 wherein the heating 
means employs excess heat from the burning of biogas produced by 
the biogas reactor, e.g. from flue gas. 

21. A plant according to any of claims 14-20, further comprising 
means for automatically monitoring the fermentation process and 
means for automatically regulating the feed of untreated liquid 
waste into the biogas reactor. 



22. A plant according to claim 21 wherein said means for auto- 
matically monitoring the fermentation process comprises means for 
automatically measuring volatile fatty acids, coupled to means 
for adjusting the organic matter content in the biogas reactor to 
a desired set-point value based on measured values for volatile 
fatty acids. 

23. A plant according to any of claims 14-22, further comprising 
means for determining the amount of liquid in the reactor, cou- 
pled to means for adjusting the amount of liquid in the reactor 
to a desired set-point value. 
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24. A plant according to claim 23 wherein the means for determin- 
ing the amount of liquid in the reactor comprises a pressure 
gauge located at or near the bottom of the reactor vessel, the 
pressure gauge being coupled to a valve downstream of the ultra- 
filtration unit that automatically allows permeate to be returned 
to the reactor as necessary in order to maintain a desired level, 
of liquid in the reactor. 



25. A method for producing biogas enriched in methane, the method 
comprising subjecting an organic waste material in liquid form to 
anaerobic fermentation in a biogas reactor, wherein liquid from 
the biogas reactor is subjected to ultrafiltration to result in a 
permeate fraction enriched in carbon dioxide and a methane- 
15 enriched fraction, said methane-enriched fraction being returned 
to the biogas reactor to result in biogas having an increased 
methane content. 



26. A method according to claim 25 wherein ultrafiltration 
performed using a tubular ultrafiltration membrane. 



is 



27. A method according to claim 26 wherein the ultrafiltration 
membrane has a mean molecular weight cut-off of about 
10,000-30,000 Dalton, preferably about 15,000-25,000 Dalton. 

28. A biogas mixture produced by the method of any of claims 
25-27, said biogas mixture comprising at least about 70% by vol- 
ume methane and at the most about 30% by volume carbon dioxide. 

29. A biogas mixture according to claim 28 comprising about 
70-90% methane and about 10-30% carbon dioxide. 

30. A biogas mixture according to claim 29 comprising about 
75-80% methane and about 20-25% carbon dioxide. 
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SLURRY 


40 t/day 




TS: 4,5% 


total-N: 


5,6 kg/t 


TS: 1,8t/day 


NH4-N: 


4 kg/t 


VS: 3.4% 


P. 


1.6 kg/t 


VS: 1,4t/dav 


K: 


2.9 ka/t 



H 



Fig. 2 



Filtration 



3% ___ 
— \ Compost 



97% 



hv 



TS 
TS 
VS 
VS 



1.2 t/day 
35% total-N 
0,4 t/day NH4-N 
26% P 
0,3 t/dav K 



10,2 kg/t 

4.0 kg/t 

5.0 kg/t 

2.6 kq/t 



Filtered slurrv 


38,8 t/day 




TS: 3,6% 


total-N: 


5,5 kg/t 


TS: 1,40 t/day 


NH4-N: 


4,0 kg/t 


VS: 2,7% 


P: 


1 ,5 kg/t 


VS: 1.05 t/daq 


K: 


2.9 kq/t 



Air is added 




iSufphur 



1,0 t/day 



20% NH 4 
155 kgN/t 



Permeate 


38 


t/d 


TS: 0,3% 


VS: 


0,2% 


TS: 0.1 t/d 


VS: 


0,072 t/d 




PK cone. 


6,2 t/day 




TS: 


P: 


9,4 kg/t 


>TS: 


t/d K: 


18.1 kg/t 


VS: 






VS: 


t/d 





Clean water 


31,6 t/day 






Drinking water 


TS: 








requirements 


total-N: 


10 


ppm 


Total-N 25 mg/l 


TS: 


t/d NH4-N: 


8 


ppm 


Nitrate 2 mg/l 


VS: 


P: 


0,1 


ppm 


P 0,15 mg/l 


VS: 


t/d K: 


8 


ppm 


K 10 mq/l 
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